Effective and efficient production of electricity is promised to be one of the critical factors to utilize energy for sustainable development. We employ data envelopment analysis (DEA), including undesirable CO 2 emissions outputs, to evaluate power plants resource utilization efficiency within 73 countries in order to incorporate the global warming effect. We find that Asia enjoys the highest technical efficiency and European countries suffer from the lowest technical efficiency among Europe, Asia, and America continents. Besides, we compare models with and without CO 2 emissions and find that they have significant differences among technical and pure technical efficiencies. We also set up three hypotheses to examine gross national product (GNP), urbanization, and electricity import level factors that potentially influence power plants efficiency by Tobit regression analysis. Results show that GNP and urbanization have significant effects on power plants efficiency except electricity import level.
Introduction
This study examines the resource utilization efficiency of 73 countries' power plant electricity generation efficiency to determine whether low efficiency countries can learn from other high efficiency countries since previous studies have focused primarily on efficiency and ignored CO 2 emissions. Because few studies have discussed international power plant resource utilization efficiency, we want to know and compare the power plant resource utilization efficiency of numerous nations. Data for each country's electricity generation were obtained to examine the efficiency of each country before comparing the differences between countries and to determine an approach for improving efficiency. This study includes CO 2 emissions in output and uses a BCG matrix to analyze the reasons that countries have low or high efficiencies. Additionally, we consider the factors that may influence efficiency, such as GDP, GNP, continent location, urbanization, and electricity import level.
Electricity is essential to people's livelihood and is critical for every country's developmental activities [1] . Liu et al. [2] considered electricity to become indispensable to the daily life of people for a long time. The increasing demand of developing industries has resulted in the need for more electricity. Therefore, when a country experiences an electricity shortage, its people and its economy are affected.
Lam and Shiu [3] discussed the challenges confronted by power plants as more severe than those of other enterprises because energy sources have continually decreased and become more precious and international energy prices have increased. Therefore, it is essential to improve the operational performance or resource utilization efficiency of power plants [4] . A critical issue is how to provide sufficient electricity using less fuel and improve the efficiency of a power plant's operation.
Electric power has a critical function in every nation's economy. The reliability of electric power supply is one of the primary motivating factors for technical innovation and change in market organization. Electric power production is a comprehensive process that includes generation, transmission, distribution, and retailing. It involves large amounts of capital, labor, and financial resources. However, modes of power plant efficiency evaluation are lacking and are relatively less comprehensive. A power plant's efficiency is generally defined as the electricity produced per energy input. This ratio addresses only the heating value of fuels and 2 Journal of Energy neglects other variables such as installed capacity, electricity and labor used, or CO 2 emissions.
Furthermore, Sueyoshi et al. [4] noted that environmental issues have recently become a critical topic. During the operation of a power plant, it generates some undesired outputs along with electricity; therefore, controlling efficiency is crucial when the same inputs are used to generate the same amount of undesirable output, such as CO 2 , NO 2 , and SO 2 .
Goto and Tsutsui [5] used data envelopment analysis (DEA) to measure overall cost efficiency and technical efficiency and to compare bilaterally between Japanese and US electric utilities. Graus et al. [6] compared the energy efficiency of fossil-fired power generation for Australia, China, France, Germany, India, Japan, Nordic countries (Denmark, Finland, Sweden, and Norway aggregated), South Korea, the United Kingdom and Ireland, and the United States; these countries generate 65% of worldwide fossil power generation. Tunç et al. [7] compared Turkey's electrical energy consumption and production with some European countries and optimization of future electrical power supply investments in Turkey.
Research Methodology
In the research methodology, three are three subsections, that is, DEA model, the selection of input and output variables, and data collection.
DEA Model.
In initiating the data envelopment analysis method, Charnes et al. [8] proposed an operational framework for estimating productive efficiency (the CCR-DEA model), which demonstrated that the mechanism for calculating DEA scores can be formulated as a linear programming problem. We denote as the sth output of the jth DMU and as the mth input of the jth DMU. If a DMU employs M inputs to produce N outputs, the score of jth DMU, , is a solution from the linear programming problem:
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where is the efficiency value, X denotes the input item, and Y denotes the output items. is a non-Archimedean quantity, the value of which is very minute (10 −6 ).
Furthermore, we assume that and represent the good (desirable) and negative (bad or undesirable) outputs, respectively (these can also be termed "less-is-better outputs"). We wish to increase and decrease at the same time in order to improve the region's performance. In the output-based BCC envelopment model, however, both and are supposed to improve performance. To increase the good outputs and reduce the bad outputs, Seiford and Zhu [9] proceed as follows. Each undesirable output is multiplied by "−1" and then a proper value is found to let all negative undesirable outputs be positive; that is,
Equation (1) is modified as follows:
where ℎ is the efficiency score and ≥ 0 denotes the weight of input and output.
Please note that we also calculate the pure technical efficiency and scale efficiency through the BCC model, which was proposed by Banker et al. [10] (which is the revised version of the CCR model) and can be reformulated by adding the constraint, ∑ =1 = 1 to the programming problem. We can judge the DMU is a constant return to scale (CRS) when we compute ∑ =1 = 1, DMU is a decreasing return to scale (DRS) when we compute ∑ =1 < 1, and DMU is an increasing return to scale (IRS) when we compute ∑ =1 > 1. This provides us valuable information about cost benefits. The scale efficiency score can then be derived from the overall technical efficiency and pure technical efficiency scores since the overall technical efficiency score is equal to the product of the pure technical efficiency and scale efficiency scores. Additionally, in the case of 31 regions, the efficiency of a particular region is calculated by finding the ratio of the weighted sum of outputs to the weighted sum of inputs.
The Selection of Input and Output
Variables. Donthu et al. [11] emphasized the significance of variable selection because research outcomes are heavily dependent on the input and output variables used in a model. Their arguments caused studies to believe that there should be a more rigorous method than those of previous studies for selecting input and output variables for resource utilization efficiency assessment. We then employ the institution approach to choose the input and output items in the study.
As to the inputs, there are three inputs (i.e., labor, installed capacity, and coal consumption) which are employed as follows.
Labor is also called labor force, and in this study, labor is defined as the percentage of labor used in the electric power industry. Park and Lesourd [12] showed that labor is people which are employed for the operation of a power plant. Labor input is the amount of employees in thermal power generation and is only used in the electric power industry (including transmission and distribution) [3] . Labor input is defined as the number of full-time employees plus the adjusted number of part-time employees. The adjusted number of part-time employees is calculated by (the number of part-time employees) × (wages and salaries paid for part-time employees)/(wages and salaries paid for full-time employees) [13] . The number of employees is obtained from corporate financial reports [14] .
Installed capacity in this study is defined as the conventional thermal electricity's maximum amount of electricity that a station can produce at any given point in time. Campbell et al. [15] considered that installed capacity is calculated by adding a capacity reserve (for maintenance and unit failures) to the peak demand. Liu et al. [2] defined installed capacity as the maximum design load of generated electricity per month. Tunç et al. [7] stated that installed capacity is for direct heating, such as that provided for heating residences, greenhouses, and heated water.
Coal consumption is defined in this study as the amount a country consumes annually to produce electricity. Bloch et al. [16] collected coal consumption data from the Statistical Review of World Energy. Wolde-Rufael [17] believed that coal consumption is the primary source of global warming because power plants that burn coal are major contributors to rising atmospheric concentrations of the greenhouse gas carbon dioxide (CO 2 ). This contributes to global warming and is measured in million tons of oil equivalents.
As to the outputs, there are also three outputs (i.e., industrial electricity, residential electricity, and CO 2 emissions) which are employed as follows.
As to industrial electricity, we define industrial electricity in this study as a country's entire annual industrial electricity consumption and is obtained from the Energy Information Administration (EIA). Al-Ghandoor et al. [18] considered that the industrial sector's aggregate electricity intensity, defined here as electricity consumption divided by the valueadded outputs (kWh $1), is a key parameter for describing industrial electrical energy efficiency.
As to residential electricity, we define residential electricity in this study as a country's entire annual residential electricity consumption and it is obtained from the EIA. van Ruijven et al. [19] used the application of electricity for lighting as a proxy for household electrification rates at various income levels, assuming that electricity is the preferred energy source for lighting once electricity access is obtained. Floor space per capita is a commonly used indicator for household energy use because end-use functions such as lighting and space heating and cooling are closely related to living space [20] .
In the CO2 emissions which is deemed as an undesirable output. We define CO 2 emission as the total CO 2 emissions from the consumption of coal, measured in million metric tons. Shao et al. [21] categorized energy-related consumption of CO 2 emissions into coal, oil, and natural gas three types by convention. Salat [22] considered that CO 2 emission is related to heating mode and inhabitant behaviors are separated from those linked to urban form and construction technology in this study.
Data Collection.
Choosing suitable input and output variables is critical for obtaining a successful application of the DEA model. The DEA process is accomplished by choosing input and output variables. We synergize these variables to obtain the relative resource utilization efficiency score, and finally, use this efficiency score as a criterion to evaluate all units' relative efficiency. Therefore, how can we determine whether our input and output variables are appropriate? We introduce several methods here to consider if the input and output variables are suitable in the models. We first employ multicollinearity analysis to examine the appropriate correlation coefficient between input and input variables and then between output and output variables [23] . We then employ isotonicity diagnosis to examine the positive correlation coefficient between input and output variables [24] . We further use sensitivity analysis to increase or reduce the input or output variables sequentially to examine the efficiency variation [25] . Additionally, we test the rule of thumb issued by Golany and Roll [26] . After these steps, we collect all the required data and perform an empirical analysis.
We integrate hydro, thermal, nuclear, and renewable energy power plants into a single decision-making unit (DMU) in order to make a parallel comparison to other countries. The data used for this analysis were gathered from World Bank and the Energy Information Administration (EIA), and we use a representative sample from 2006 to 2008 of 73 countries on their input and output of their electric industry. We collected data from 2006 to 2008, to avoid the specific shocks of the world financial tsunami. Table 1 shows the mean and standard deviation of each input and output.
Empirical Analysis
In the empirical analysis, three are also three subsections, that is, variables rationale test, efficiency score calculation, and efficiency score test.
Variables Rationale Test.
First, we test whether the variables are reasonable. We employ multicollinearity analysis to examine the correlation coefficient between input and input variables and then between output and output variables [27] . We used isotonicity diagnosis to examine positive correlation coefficients between input and output variables [24] . We then used sensitivity analysis to sequentially increase or reduce the input or output variables to examine variation of efficiency [25] . The obtained sensitivity analysis result does not consider the operating expenses variable because of their highly correlation with other inputs. Additionally, we also test the rule of thumb issued by Golany and Roll [26] .
Efficiency Score Calculation.
We calculate 73 countries CCR and BCC efficiency scores and separate into three continents (Europe, America, and Asia) in Table 2 . Amongst, China and India, the "Golden Brocks Countries, " enjoy the efficient resource utilization efficiency. Similarly, Japan and Korea, the east-north Asia representatives, also attain the efficient performance. Even that Malaysia, Thailand, Pakistan, and Vietnam, the traditional developing east-south Asia countries, reach the efficient performance. Our result implies the highest utilization of power plants and/or a great amount of power generation in order to meet the strong power demand and economic growth in Asia.
On the contrary, European countries suffer from the lowest power plants resource utilization efficiency, irrespective the technical efficiency, pure technical efficiency, and scale efficiency. Many famous developed countries in Europe, that is, Denmark, Belgium, Ireland, Finland, Portugal, Spain, and Greece do not obtain the efficient power plants efficiency. This outcome can reasonable indicate the decreasing economic power and electricity demand. Subsequently, "European Bond Crisis" occurs and deteriorates the Europe and World economy in 2008. The PIGS (Portugal, Italy, Greece, and Spain) are technical and scale inefficiency in nature.
Efficiency Score Test.
Furthermore, we separate the 73 countries into three continents and employ Kruskal-Wallis test to test the efficiency differences among the three continents (Table 3 ). Empirical result demonstrates that there is significant difference among three continents, in technical pure, technical efficiencies, and scale efficiency. The reason might be that the Asia enjoys higher power plant efficiency because Asia is the world manufacture center and factory. Contrarily the economic growth and power demand of Europe are decreasing gradually since twenty-one century. Besides, America has the relative stronger efficiency because it still possesses the world marketing center and well-defined infrastructure.
We further separate the 73 countries into two groups, that is, developed and developing countries, and determine whether there are differences between developed and developing countries by Mann-Whitney U test. According to the results, there are significant differences in technical and pure technical efficiencies between developed and developing countries. The reason might be that the developing countries enjoy higher economic growth relative to developed countries.
Furthermore, we test the difference between model with CO 2 emissions output and model without CO 2 emissions, by using Mann-Whitney U test. The empirical results indicate that there are significant differences in technical efficiency between model with and without CO 2 emissions. Similar results can be found in pure technical efficiency and scale efficiency. The empirical results are consistent with Yeh et al. [28] , demonstrating that the model with/without CO 2 emissions will significantly influence the results. In the current green economic issue, the CO 2 emissions output is a required output in constructed model.
Hypothesis Setting and Tobit Regression Analysis
Another important issue is the cause relationship between power plant resource utilization efficiency and its influencing factors. From the policy viewpoint, we can promote power plant resource utilization efficiency via creating sound environment settings. Thus we propose three environment settings, that is, GNP, urban population, and electricity import level. Sö zen and Arcaklioglu [29] have shown that GNP can be used to predicate the current and future levels of energy consumption. Higher GNP is indicative of greater energy demand; thus, a country should improve its electricity efficiency to meet the increased demand. Countries with higher GNP can employ higher technology innovation and R&D effort in energy saving and energy efficiency improvement process. We then assume that GNP positively influences a country's energy production efficiency. Note that high gross domestic product (GDP) growth rates of Crete almost doubled the gross national product (GNP) growth average. These growth rates tend to adapt to national rates. Therefore, we use GNP instead of GDP. Thus, we propose H1.
H1: GNP Can Positively Influence a Country's Energy Production Efficiency.
Rapid growth in population will lead to urbanization, which will further cause more usage of energy. Shahbaz and Lean [30] used urban population as share of total population as the proxy for urbanization. The rise in economic activities caused by urbanization increases the demand for energy consumption. Bodach and Hamhaber [31] indicated that energy consumption is caused by urbanization in the short run. Chen [32] and Bodach and Hamhaber [31] concluded that the relationship between urbanization and energy consumption is positive and highly significant. According to these studies, we propose whether urbanization can positively influence a country's energy production efficiency. Thus, we propose H2.
H2: Urban Population Can Positively Influence Energy Production Efficiency.
When a country with a higher energy endowment, the less electricity efficiency the country has; resulting from lower opportunity cost. Alternatively, when a country is with a scarce nature energy sources and needs to import energy, the country must produce electricity more efficiently, since they afford extra energy purchase cost from another country. Kim et al. [33] focused on the rising dependence of the economy on energy imports and indicated that a country must reduce its dependence on energy imports to improve energy efficiency. Balachandra et al. [34] addressed that the rising energy prices and imports have influence on energy conservation and efficiency measures. According to the discussed study, we assume that high electricity imports imply low-efficiency energy production. Thus, we propose H3.
H3: Electricity Import Level Can Negatively Influence Power
Plant Efficiency. We then employ the Tobit regression model to determine whether the efficiency scores are causally related to three environmental characteristics such as GNP level, the urbanization population, and the level of imported electricity ( Table 3 ). The function of a regression model can be expressed as = + , where represents the dependent variable and represents the regression form to a logistic probability function because the efficiency ranges from zero to one. The transformed regression function is expressed as ln( /(1 − )) = + , derived from = ( + ) = 1/(1 + exp(− − )).
The Tobit regression analysis result shows that GNP and urban population have high positive significance with power plants efficiency except the level of imported electricity.
The Tobit regression result shows that GNP can positively influence a country's power plant efficiency ( = 5.66; = 0.000) and the H1 is accepted (Table 4) . Our result is consistent with the position of Sö zen and Arcaklioglu [29] , indicating that countries with a higher GNP are more efficient at power generation in order to meet the higher electricity demand. Furthermore, urban population can positively influence power plant efficiency ( = 3.88; = 0.000) and the H2 is hold since the countries with higher urbanized standards are resulting in more energy consumption [31, 32] . Power plant managers can adopt more efficient forms to generate electricity due to the pressure in higher population density, scarcity of land supply. Besides, the feasibility and accessibility of power plant generation technique can stimulate the improvement and upgrade in power plant efficiency. However, the electricity import level has no influence on power plant efficiency ( = 0.36; = 0.720) and the H3 is rejected, indicating that the power plant efficiency has no influence on the countries with or without rich energy endowment. Military strategy and political consideration might be more important factors than the economic opportunity cost consideration.
Conclusion
The majority of previous studies had only focused primarily on analyzing electricity as an output. Few studies had included undesirable output-CO 2 emissions in their model. In this study, we included CO 2 emissions in our data envelopment analysis model to estimate the power plants resource utilization efficiency and to compare the difference between model with CO 2 and without CO 2 emissions. Our conclusion showed that the models with and without CO 2 emissions have significant differences among technical and pure technical efficiencies, indicating that undesirable output-CO 2 emissions are a critical environment factor in the model. It had become a global consensus that CO 2 emissions cause climate warming [21] . When analyzing energy production efficiency, we cannot focus only on the amount of energy that was produced; CO 2 emissions also require consideration. Besides, the DEA in this study provided detailed demonstration that there was a significant difference in power plants resource utilization efficiency among different continents as well as different stages of economic development.
As to the efficiency differences among Europe, Asia, and America continents, Asia enjoys the highest technical efficiency among the three continents. On the contrary, European countries suffer from the lowest technical efficiency. Empirical results demonstrated the highest utilization of power plants and/or a great amount of power generation is needed in order to meet the strong power demand and economic growth in Asia. On the contrary, the decreasing economic power and electricity demand in Europe resulted in the lower power plant efficiency.
We further employed Tobit regression analysis to identify critical factors that might influence electricity production efficiency. We examined GNP, urban population, and electricity import level, and the empirical results suggested that GNP and urban population have significantly influenced electricity production efficiency. Besides, electricity import level has not significantly influenced electricity efficiency, indicating that military strategy and political consideration might be more important factors than the economic opportunity cost consideration.
